The aim of the study was to compare diverse feed intake patterns in sport ponies and warmblood-type horses after feeding iso-energetic amounts of three different concentrates: a pelleted fibre-rich mixed feed (PF), a muesli feed (MF) and semicrushed oat grains (OG). Four sport ponies and six warmblood-type horses received the concentrates and meadow hay according to maintenance (0.52 MJ metabolizable energy (ME) kg body weight (BW) 0.75 /day). Both breeds were allocated at random to three groups and received once daily for 8 days either OG (1 g starch/kg BW/meal) or iso-energetic quantities of PF and MF according to a crossover design. On the 8th day, feed intake patterns (chewing frequency (CF) in number of chewings (NC), NC/s), feed intake time (FIT DM , min/kg dry matter (DM); FIT (neutral detergent fibre) NDF , min/kg NDF) and chewing intensity (CI, NC/kg DM) were measured using modified halters. In warmbloods, PF tended to be ingested faster than MF and OG (10.3 AE 1.9, 13.0 AE 1.3, 14.4 AE 2.0 min/kg DM, respectively; p = 0.05). In ponies, a similar trend was observed (13.5 AE 2.5, 13.6 AE 2.0 and 15.4 AE 1.1 min/kg DM, respectively; p > 0.05). Ponies needed more time to ingest PF than warmbloods (p < 0.05). The CF of ponies was affected by the type of concentrate (PF and MF 1.43 AE 0.11 vs. OG 1.28 AE 0.093 NC/s; p < 0.05). The results indicate that concentrate intake of breeds follows a similar pattern and that breed differences were limited to PF only. In both breeds, PF induced chewing patterns different from those observed for OG and/or MF. However, an interpretation of these differences needs to take into consideration the diverse chemical compositions of the concentrates. Upcoming studies should address the throwback regarding PF and also examine the metabolic consequences of concentrate intake in ponies.
Introduction
The chewing patterns in horses vary between feed stuffs and treatments (Br€ ussow, 2006; Bochnia, 2009) , with resultant differences in saliva production (Meyer et al., 1985) and probable consequences for gut health and metabolism. In the literature, distinct differences between ponies of older genotype and horses have been reported. Compared with horses, ponies need significantly more time to ingest a given amount of feed (58 vs. 10-11 min/kg dry matter (DM); Meyer et al., 1975) . Previous studies have indicated that both smaller (and therefore lightweight) horses and cattle have a higher rate of chewing cycles than larger animals. This is due to simple allometric scaling, where chewing frequency (CF, number of chewing cycles (NC)/s) and chews per ingested food (chewing intensity (CI), NC/kg DM) are assumed to scale negatively to body mass (Druzinsky, 1993; Shipley et al., 1994; Ellis et al., 2005; Gerstner and Gerstein, 2008) . However, these differences can also be explained by the usage of different experimental methods (e.g., direct observation: Ellis et al., 2005; video recordings: Shingu et al., 2001) which are likely to yield values with greater variation than those recorded using a chewing halter (Brøkner et al., 2006) . Nevertheless, the study conducted by Brøkner et al. (2006) reported distinct differences between Icelandic horses (370 AE 7 kg body weight (BW)) and warmblood-type horses (530 AE 42 kg BW) with the Icelandic horses spending significantly more time eating different meals such as oats, barley, maize and muesli (Icelandic: 17-24 vs. warmbloods: 9-20 min/ kg DM), whereas the chewing frequency was similar for both breeds (1.54 NC/s). Although the authors corrected the feed intake time for breaks in feeding, the quantities of the various diets provided were not the same (e.g., oat grains, horses: 0.2 kg/100 kg BW vs. ponies: 0.14 kg/100 kg BW). However, the correction of the feed intake time to the inverse body weight resulted in no significant difference between the two breeds, which indicates that the feed intake time per kg DM (FIT DM ) is proportional to inverse body mass in horses. This is consistent with the findings of Shingu et al. (2001) for horses and Beauchemin et al. (2003) for dairy cows.
Novel studies on feed intake patterns in sport ponies when feeding oat grains and muesli (~370 kg BW,~9 min/kg DM and~800 NC/kg DM; Bochnia et al., 2015) showed similar results to those for the ingestion of semicrushed oat grains in warmblood-type horses (450-560 kg BW; 9 min/kg DM; Meyer et al., 1975; Br€ ussow et al., 2005) . Further factors that can influence the feed intake behaviour include special ingredients, such as chopped hay (alfalfa, timothy or grass), dried carrots or oil. For example, hay chaffs can influence feed intake behaviour because they require a more intense chewing process (Bonin et al., 2007; Bochnia et al., 2008; Bochnia, 2009) . Adding alfalfa chaffs (30%) and green hay chaffs (5%) increased feed intake time significantly (Brøkner et al., 2008) , whereas only 3.5% alfalfa chaffs did not change the feed intake patterns (Brøkner et al., 2006) . Besides the added amount, the length of the chaffs seems to be a further influencing factor, although a comparison of 2.5 vs. 4 cm chaff length showed no difference in the feed intake time (Ellis et al., 2005) . The variables likely to affect chewing frequency and intensity are those related to the nature of the food, particularly its fibre content and particle size (Bonin et al., 2007) . To date, however, there have been made no direct comparisons of mastication behaviour between Standardbred horses and noble pony types, under identical conditions and with common test diets. Therefore, we hypothesized that the feed intake of warmbloods and modern-type sport ponies follows the same patterns when feeding on pelleted fibre-rich mixed feed, muesli feed and oat grains. We predict that when provided the same diets, the sport ponies would not have a higher CF or CI than the warmblood-type horses.
Material and methods

Animals
Four sport ponies (two mares and two geldings, age 8.0 AE 3.1 years; 370 AE 13 kg BW; body condition score according to Kienzle and Schramme, 2004 (BCS) 5.2 AE 0.2/9) and six warmblood-type horses (six mares, age 8.5 AE 3.1 years, 516 AE 41 kg BW; BCS 5.0 AE 0.1/9) were individually housed in box stalls with straw as bedding. The animals were weighed before and after each experimental period on a scale (BOSCHE GmbH, Damme, Germany, weighing range: 0-1500 kg). Three weeks prior to the acclimation period, the teeth of all horses were controlled and if necessary corrected by a veterinarian.
Diets
The animals received meadow hay (6.5 MJ metabolizable energy (ME) per kg, as a feed basis) and concentrates according to their maintenance requirement (0.52 MJ ME kg BW 0.75 /day; GfE, 2014). The hay was offered twice daily in a quantity of 0.6-0.7 kg/100 kg BW/meal for both ponies and horses. Both breeds were allocated randomly to three groups and received either semicrushed oat grains (OG; 1 g starch/kg BW/ meal) or iso-energetic quantities of either a pelleted fibre-rich mixed feed (PF) or a muesli feed (MF) once daily for 8 days according to a crossover design. The analysed chemical compositions of hay and concentrates are shown in Table 1 .
Data collection
On the 8th day of the feeding period, feed intake patterns for concentrates were measured using a modified halter (Bochnia, 2009) . The horses were equipped with the halters in the morning of each measuring day. Prior to the start of the measuring period, the animals received 1 kg of meadow hay according to the recommended feeding practice of providing hay before the concentrate (Zeyner et al., 2004) . Any hay, remaining after 1 h, was removed and provided again first when the measuring period had finished. To perform the measurement, concentrate was provided within a box positioned on the floor (length 9 width 9 height: 0.8 9 0.48 9 0.3 m). The modified halters were fitted with a rubber sleeve under the mandible, which was equipped with a pressure sensor located at the jaw piece of the halter. The CF was measured as NC/s and saved in a data logger. Data were read using the software TINYTAG EXPLORER 4.8 (Gemini Data Loggers, Chichester, West Sussex, UK).
Feed analysis
The contents of proximate nutrients were analysed according to the analytical key book of VDLUFA (Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten; Naumann and Bassler, 1976) . Dry matter, ash, crude protein, acid ether extract, crude fibre, neutral detergent fibre, acid detergent fibre and acid detergent lignin were determined according to official methods (VDLUFA 2012, method no. 3.1, 4.1.1, 5.1.1 B, 6.1.1, 6.5.1, 6.5.2, 6.5.3 and 8.1). Contents of nitrogen-free extracts were calculated upon that basis. The PF (here PF1) and the pelleted ingredients of the MF (MF1, MF2, MF3) were also characterized according to physical properties, including diameter, length and degree of hardness (Testspring, Amandus Kahl, Germany) as well as the proportion of fractions following wet sieving (Wolf et al., 2010) . The results are shown in Table 2 .
Calculations and statistical analysis
The following parameters were calculated from the measured ones: chewing intensity (CI, NC/kg DM) and feed intake time (FIT DM , min/kg DM; FIT (neutral detergent fibre)NDF , min/kg NDF). Original data were analysed with the software packet SAS (version 9.4, SAS Inst. Inc., Cary, NC, USA) using a two-way ANOVA model (PROC mixed; fixed factors: feedstuff and breed) at a significance level of p < 0.05. Values > 0.05 < 0.10 were considered as showing tendency. The Kolmogorov-Smirnov test was used to check the normality of the residuals. The Kenward-Roger method was applied to approximate the degrees of freedom. The least square means of all traits (AE standard error) are reported. Kienzle and Zeyner (2010) . †In descending order; DM, dry matter. 
Results
Ponies and warmblood-type horses maintained a stable BW during the study (p > 0.05). There were no differences between breeds in CI after feeding OG and MF, but there was a tendency for a reduced CI after feeding PF (for breed, p = 0.077 and concentrate, p = 0.08). Likewise, there was a tendency of reduced FIT DM for OG in warmblood-type horses (for breed; p = 0.05). Ponies needed more time to ingest PF (p = 0.036; Table 3 ). In warmbloods, PF tended to be ingested faster than MF followed by OG (FIT DM ; Table 3 ; p = 0.05). In ponies, the feed intake time for PF and MF was similar (FIT DM for PF 13.5 AE 2.5; MF 13.6 AE 2.0 min/kg DM) followed by OG (15.4 AE 1.1 min/kg DM; Table 3 ; p > 0.05). However, FIT in ponies was not proportional to a higher content of NDF in PF, whereas in warmbloods, the fastest feed intake was recorded for feed with the highest content of NDF (FIT NDF for PF, 21.6 AE 3.9; MF, 39.3 AE 3.9; OG, 44.4 AE 6.2 min/kg NDF, Table 3 ).
In warmbloods, the CF was not affected by the type of concentrate (table 3; p > 0.05). By contrast, in ponies, CF was significantly lower for OG compared to the other concentrates (Table 3 ; p < 0.05). The highest hardness degree of pellets was found in the standard PF (PF1 = 9.7 kg; Table 2 ) followed by the pelleted contents (MF1, MF2, MF3) in the MF. Within the sieve fraction, MF2 had the highest content of particles >1 mm (54.4%; Table 2 ).
Discussion
Regarding breed differences, the major results of the present study were for PF (i) an increased feed intake time and (ii) a tendency for a higher chewing intensity in sport ponies than in warmblood-type horses and for OG (iii) also a higher feed intake time in sport ponies compared to the warmbloods. However, the absolute terms for a comparison of both breeds should be considered carefully.
Within the warmbloods, the chewing intensity was reduced for the PF in comparison with the other diets. Compared with low-intensity chewing, a rapid chewing frequency results in less time chewing, which may also be a factor in the development of enamel overgrowth (Bonin et al., 2007) . Previous studies (Argo et al., 2002; Brøkner et al., 2008) reported a significantly longer time eating MF in comparison with OG or PF (MF, 37; OG, 30; PF 25 min/kg DM). In the present study, there was only a trend for the warmbloodtype horses to spend longer eating MF (MF, 13.0; OG, 14.4; PF 10.3 min/kg DM); however, the recorded FIT DM value was less than half that reported by Brøkner et al. (2008) . In the present study, there was no evidence that an increase in feed intake time was positively related to an increasing content of NDF within the diets. Indeed, feeding PF, which contained the highest NDF content, resulted in the fastest intake time. This is in agreement with Dulphy et al. (1997) who reported that neither the NDF nor the crude fibre content of various forages affected the voluntary feed intake in horses. NDF per se is determined by chemical analysis, which does not take into account physical properties, such as particle length, that are probably important for regulation of the chewing process. A possible explanation for the lower feed intake time and chewing frequency observed for OG could be the harder and sharper surface of the oat grains (Mc Donald et al., 1998; Vervuert et al., 2003) . It is possible that oat grains, although they were semicrushed, require a greater force to break, as mentioned by Van Soest (1994) ; however, this effect was not observed in the warmblood-type horses. Although the chewing intensity was not affected by feeding the OG between the breeds, there was a trend suggesting a reduced chewing intensity in the warmbloods after feeding PF. No differences between PF and MF were observed in the sport ponies.
The accelerated feed intake behaviour of PF in the present study should be considered critical. The fact that there is typically little heterogeneity among different pelleted concentrates can explain the lack of differences in the eating times for these concentrates compared with other concentrates (Brøkner et al., 2008) . However, according to Meyer et al. (1975) , eating time increased when pellets exceeded 10 mm in diameter because they are so large that they must be broken down before they can be ground by the molars during regular chewing. In the present study, the diameter of the investigated pelleted materials was only 5 mm. Because of this, other pellet characteristics (hardness degree, water-holding capacity (not detected within this study)) are crucial for estimating effects on diverse chewing parameters. In general, a pelleted feed cannot be seen in general as a critical compound feed with regard to oropharyngeal obstruction. A direct comparison of literature data regarding the hardness degree is not possible because relevant data are currently not available, but future studies should include this parameter as well. The Testspring is typically used to determine the hardness of pelleted materials, in order, for example, to measure the (chewing) power that is necessary to crush a pellet. Standard pelleted foods for horses with a diameter of 5 mm generally have a hardness degree between 5 and 12 kg (personal communication, C. Ratert, Hannover). This, however, can be influenced by the pelleting conditions (temperature, watering) and the nutrient composition. The possible contribution of the size of meal should also be highlighted if taking breed differences into account. In a study by Brøkner et al. (2006) , horses and ponies did not receive the same quantity of oat grains in relation to their BW (horses: 0.2 kg/100 kg BW vs. ponies: 0.14 kg/100 kg BW), which might restrict comparability. Furthermore, the chewing cycles as well as the observed eating times included licking and searching at the end of a test meal (Brø-kner et al., 2006) . Although the eating period was corrected for breaks to yield effective eating times, the feed intake time for horses and ponies was significantly different (Brøkner et al., 2006) . In the present study, both breeds got iso-energetic test meals (OG; warmbloods and ponies:~0.3 kg/100 kg BW; MF0
.35 kg/100 kg BW) and FIT DM differed between the breeds only when feeding PF (warmbloods and ponies:~0.4 kg/100 kg BW). The possible effects of different quantities of test meals on chewing patterns should accordingly be investigated in upcoming studies. In the present study, with the exception of PF, sport ponies did not need a longer time for ingestion of the same quantity of concentrate compared to warmbloods. Our hypothesis was thus confirmed, with the one defined exception.
Conclusion
The results of the present study suggest that the concentrate intake of warmblood-type horses and sport ponies follow similar patterns. Breed differences were limited to the PF diet. Although the respective time difference of nearly 3 min/kg DM was significant, a comparison of available data from the literature which indicates that ponies need more than twice the time required by warmbloods to ingest equal amounts of concentrates suggests that the breed difference might be overestimated when older data from extensive pony breeds are transferred to modern-type sport ponies. Based on these results, it can be speculated that sport ponies ingest equal amounts of feed at the same speed as larger sized horses and that resultant allometric effects necessitate special care regarding oropharyngeal obstruction. Notably, in warmblood-type horses, the intake of pelleted feed is accelerated compared to other concentrates, which is also an important finding of this study. Upcoming studies should investigate diverse pelleted feeds with special characteristics (preferably produced from the same original material) and also examine meal size to compare the influence on diverse chewing patterns in horses.
